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目的 在蛋白质组学水平上研究 ephrin-B2 对人静脉内皮细胞（HUVECs）蛋
白质表达的影响，探索其参与的主要的生物功能和信号通路及可能作用机制。并
探究 ephrin-B2 对 HUVECs 增殖、迁移的作用和对细胞周期的影响以及增殖存活
相关蛋白表达的变化，确证蛋白质组学的研究，为在蛋白质组水平上探讨
ephrin-B2 对 HUVECs 细胞功能和信号通路的影响以及对细胞增殖迁移的作用机
制研究提供新的思路，并为探究它在心肌缺血中的重要性和将来成为血管生成方
面的治疗剂的候选蛋白提供科学研究依据。
方法 用酶消化揉搓法提取原代 HUVECs 并进行培养和传代，运用 SILAC
同位素标记技术对培养的 HUVECs 进行标记，分别以 1µg/mL 的 ephrin-B2/Fc 和
PBS 处理标记的 HUVECs15h，分别提取处理组和对照组蛋白后以 1：1 混合，
运用液相色谱质谱联用技术检测 HUVECs 内蛋白质表达的变化，IPA 软件进行生
物信息学分析，分析其参与的生物功能、经典信号通路、相互作用网络等，并预
测其下游效应；用 Western Blot 技术检测增殖存活相关蛋白表达的变化；用 cck-8
法在既定的时间点（1、3、5、7d）观察不同浓度的 ephrin-B2/Fc（0、0.01、 0.03、
0.1、0.3、1µg/mL）对 HUVECs 增殖的影响（各组 n=6），运用流式细胞技术观
察该蛋白对内皮细胞细胞周期的影响，并运用 Transwell 和划痕试验观察不同浓
度的 ephrin-B2/Fc（0、0.1、0.3、1、3µg/mL）对 HUVECs 迁移的作用，从而观
察其对内皮细胞血管新生的调控。
结果 蛋白质组学分析结果显示，ephrin-B2/Fc 处理后，HUVECs 内细胞骨
架蛋白表达明显上调，细胞存活、增殖、迁移相关多条信号通路激活，预测其具
有减少细胞凋亡、自噬，促进细胞增殖、迁移和运动的作用；WB 结果显示，
ephrin-B2/Fc 促进了细胞存活、增殖相关蛋白 Bcl-2、c-Myc、NPM 表达的上调，
而凋亡相关蛋白 BAX 表达亦有所上调。增殖迁移结果显示，ephrin-B2/Fc 促进
HUVECs 的增殖，并呈浓度依赖性增加；在 0~1µg/mL 的浓度范围内，ephrin-B2/Fc
对 HUVECs 的迁移作用呈浓度依赖性促进，但当浓度为 3µg/mL 时其促迁移作用
消失；流式细胞结果分析显示 1µg/mL ephrin-B2/Fc 处理组，G0 /G1期细胞比例显





使细胞由 G0/G1 期进入 S 期。在一定浓度范围内 ephrin-B2 促进了 HUVECs 的
增殖和迁移，当超过一定浓度，其促迁移作用消失。




Purpose To study the influence of ephrin-B2 on human vein endothelial
cells(HUVECs) at proteomic level, and explore their biological functions and the
main signaling pathways that participated in and the possible mechanism of action.
And then to explore the influence of ephrin-B2 on the proliferation, migration, cell
cycle of HUVECs, and the expression change of part proteins that involved in
proliferation and survival. All results corroborated the proteomics research. Our
research provides a new train of thought to explore the influence of ephrin-B2 on the
biological functions and signaling pathways of HUVECs. And also provides scientific
basis to explore the importance of ephrin-B2 in myocardial ischemia and become
therapeutic candidate of angiogenesis research .
Methods Using enzyme digestion rubbing method to extract the original
generation of HUVECs and develop and extend. Using SILAC isotope technology for
cultivating HUVECs labeling. Treated marked HUVECs with 1µg/mL ephrin-B2/Fc
or PBS for 15 hours respectively, and then 1:1 mixed protein which was extracted
from treatment group and control group. Using liquid chromatography mass
spectrometry detection technology to detect the change of the expression of protein in
HUVECs. After that, IPA software was used for bioinformatics analysis, analysing the
canonical signaling pathways which involved in, networks, and predicting its
downstream effects; Using Western Blot detecting the expression changes of
proliferation and survival related proteins; In order to observe its regulation of
angiogenic on endothelial cells, we used CCK-8 to measure the proliferation of
HUVECs in given time points (1, 3, 5, 7 d) at different concentrations of
ephrin-B2/Fc (0, 0.01, 0.03, 0.1, 0.3, 1µg/mL)( n =6/group) and used flow cytometry
technique to observe the effects of ephrin-B2/Fc on the cell cycle of endothelial cells.
And then using transwell and scratch test to measure the migration of HUVECs at
different concentrations of ephrin-B2/Fc (0, 0.1, 0.3, 1, 3µg/mL) .
Abstract
IV
Results According to the results of proteomic analysis, ephrin-B2/Fc
significantly increased the expression of HUVECs ’ cytoskeleton proteins and
activated multiple signaling pathways which were related to cell proliferation,
survival, and migration. And results predicted it reduced the apoptosis and autophagy
of cells, and promoted proliferation, migration and movement of cells. The analysis
showed that ephrin-B2/Fc promoted the proliferation of HUVECs in a concentration
dependence. When the concentration of ephrin-B2/Fc was between 0µg/mL and 1
µg/mL, the migration of HUVECs was concentration dependent, but when the
concentration is 3µg/mL, the migration promotion effect disappeared. Flow cytometry
results showed that in 1µg/mL ephrin-B2/Fc treatment group, the ratio of cells in G0/1
phase decreased significantly (P < 0.05) and the proportion of S phase increased (P <
0.05). According to the results of Western Blot, ephrin-B2/Fc has promoted the
expression of Bcl-2, c-Myc, and NPM which involved in cell proliferation and
survival. And the expression of apoptosis related protein BAX was also raised
Conclusion Ephrin-B2 participated in cell survival, proliferation, migration and
so on, and raised the expression of cytoskeleton proteins, proliferation and survival
related proteins and activated multiple signaling pathways that involved in cell
proliferation and migration. Ephrin-B2 prompted cells which were in G0/G1 phase
enter into S phase. Certain concentration range of ephrin-B2/Fc promoted the
proliferation and migration of human umbilical vein endothelial cells. But its effect on
promoting migration disappeared when exceeded a certain concentration.
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Ephrin 及其受体 Eph 是受体酪氨酸蛋白激酶家族中的最大成员。目前，在哺
乳动物和鸡身上发现的 ephrin 配体有 8 个成员，分为 ephrinA 和 ephrinB 两个亚
族。其中 ephrinA（ephrin A1-ephrinA5）亚族的成员只有一个胞外区；ephrinB
（ephrinB1-B3）亚族为跨膜蛋白，由跨膜区和胞质区构成，胞质区含酪氨酸磷
酸化位点以及 C 端的 PDZ 结构域[31]。Eph 受体亦分为 A 和 B 两个亚族，这主要
是根据其与 ephrin 配体结合的情况来分类。其中，有 10 个成员属于 EphA 受体
亚族，6 个属于 EphB 受体亚族。每个受体成员并非固定地与相应亚族配体结合，





中，因此二者结合后存在一种特殊的双向信号转导。由 ephrin 配体激活，Eph 受
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